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activity of the proton pumping V-ATPase is necessary for
normal regeneration. Subsequent molecular experiments with
dominant negative subunits of the V-ATPase confirmed the
requirement for functional V-ATPase in this process. Both in
situ hybridization and immunohistochemistry show upregula-
tion of V-ATPase in the tip of cut tails, within hours after
amputation. Because the V-ATPase is electrogenic, we also
monitored membrane potential of control and V-ATPase
inhibited tips and found dramatic changes in the presence of
V-ATPase inhibitors. Most remarkably, injection into fertilized
eggs of mRNA for a hyperactive, single-polypeptide, yeast
proton pump was able to partially rescue tail regeneration from
the effects of a potent V-ATPase inhibitor applied during
regeneration. These results are strong evidence for a critical role
of proton pumping in very early stages of the regeneration of a
complex vertebrate structure.
doi:10.1016/j.ydbio.2006.04.094
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Increased interest in using zebrafish as a model organism
has led to a resurgence of fin regeneration studies. This has
allowed for the identification of a large number of gene
families that are expressed during regeneration. However, in
cases where no specific inhibitor is available for the gene
product of interest, determination of a functional role for these
genes has been difficult. Here we demonstrate that in vivo
electroporation of morpholino oligonucleotides is a feasible
means of gene-knockdown during fin regeneration. Morpholi-
nos against fgfr1 and msxb were utilized. Both knockdown
experiments affected fin outgrowth. Importantly, the fgfr1
knockdown phenocopied outgrowth inhibition obtained with
an Fgfr1 inhibitor. Furthermore, this method provided direct
evidence for a functional role for msxb in caudal fin
regeneration. Knockdown of msxb affects the expression of
bmp4 in blastemas suggesting this technique can be used to
determine epistasis in genetic pathways affecting regeneration.
Thus, this convenient reverse genetic approach allows
researchers to quickly (1) assess the function of genes known
to be expressed during fin regeneration, (2) screen genes for
functional relevance during fin regeneration, and (3) assign
genes to the molecular pathways underlying fin regeneration.
doi:10.1016/j.ydbio.2006.04.095
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Polyamines increase in axotomized neurons of the superior
cervical ganglion (Boeshore et. al., J. Neurobiol. 59:216–235),
suggesting a role in the spontaneous regrowth of axons in this
system following injury. Furthermore, spermidine treatment
results in an increased percentage of PC12 cells that bear
processes (Schreiber et. al., Neurosci. 128:741–749), suggest-
ing a specific role of polyamines in initiation of new processes.
In the present work using PC12 cells, neurite-outgrowth-
promoting effects of all three polyamines, putrescine, spermi-
dine, and spermine, were examined and compared to the effects
of nerve growth factor (NGF). As expected, robust neurite
outgrowth was observed from PC12 cells cultured in the
presence of NGF. All three polyamines also promoted an
increase in neurite outgrowth from PC12 cells. Specifically, the
percentage of cells possessing processes longer than 2 cell
body diameters was significantly increased within 48 hours of
polyamine treatment. When cells were treated with a combi-
nation of NGF and polyamine, the percentage of process-
bearing cells was greater than that observed in cultures treated
with NGF alone. Because polyamine treatment had less of an
effect on overall process length, it was concluded that
exogenously applied polyamines may be involved in initiation
of new processes. Further studies aimed at examining the role
of endogenous polyamines in spontaneous regeneration of
injured neurons are underway. In addition, effort is being made
to elucidate the molecular mechanisms underlying the poly-
amines’ effects in PC12 cells.
doi:10.1016/j.ydbio.2006.04.096
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Neurogenesis is a multifactorial process that occurs in at
least two different areas of the adult brain; the granular layer of
the dentate gyrus and the subventricular zone (SVZ). Several
studies have shown that in the adult CNS, the stem cell niche
in the SVZ is maintained by interactions between bone
morphogenetic proteins (BMPs) and noggin (a secreted
signalling molecule and BMP inhibitor). To determine the
role of noggin in vivo, we developed a transgenic mouse line
that expresses a tetracycline inducible noggin/eGFP cassette
under the control of the CNS restricted nestin gene. Noggin
and eGFP cDNAs were cloned into pBi vector (Clontech) that
contains a bi-directional tetracycline inducible promoter. After
ABSTRACTS / Developmental Biology 295 (2006) 354–359356
10 independent DNA injections, 11 different lines carrying the
transgene (Bi-noggin) were generated and bred. To generate
mice that express noggin in the SVZ zone, we crossed Bi-
noggin mice with nestin-rtTA mice and double transgenic
animals (F1 to F3) selected for further studies. The nestin-rtTA
transgenic mouse contains the tetracycline transactivator (rtTA)
under the control of the CNS specific second intronic enhancer
of the nestin gene fused to the h-galactosidase coding
sequence. Double transgenic mice were treated with doxycy-
cline to specifically induce noggin in nestin expressing cells in
the SVZ. The goals our studies are to determine the role of
noggin in: maintaining a neurogenic environment in the SVZ
stem cell niche, the effects of noggin overexpression during
embryonic development, and its role in repair following injury.
Supported by NIH grants NS-048187.
doi:10.1016/j.ydbio.2006.04.097
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Delineating the cascades of growth and transcription factor
expression that shape the developing nervous system will
improve our understanding of its molecular histogenesis and
should also suggest strategies for cell replacement therapies
and approaches to control the ectopic neurogenesis that
contribute to neuropathology following injury. Despite the
relative complete understanding of the basic histogenesis of
the nervous system, the precise cascades of growth factors
and transcription factors required in neural cell fate determi-
nation are largely unknown. In the current investigation, we
have exploited the essential pluripotentiality of embryonic
stem cells (ESC) to determine the ability of pulsed
expression of the neurogenic gene, Ngn1, to drive neuronal
differentiation. Transient Ngn1 expression in ESC was
sufficient to produce widespread neuronal differentiation –
even in the presence of LIF and inhibitors present in
serum? – and yielded both peripheral and central nervous
system phenotypes. Somewhat surprisingly, the induced cells
were sensitive to A-P and D-V patterning molecules
including retinoic acid, BMP4, noggin and Shh. Consistent
with current theories regarding neural induction, FGF
signaling was required in this process. The results of these
experiments establish inducible transgene expression in ES
cells as a powerful model to understand the role of bHLH
factors in neurogenesis, to tease out growth factor effects in
progenitor cell differentiation and potentially also provides a
source of primitive cells that could respond to local signals
to integrate successfully following injury. Supported by NIH-
NS 39438, DE-07057.
doi:10.1016/j.ydbio.2006.04.098
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Understanding embryonic brain response to injury has
become increasingly more important since abnormal brain
development has been linked to many neurological disorders.
We have analyzed the response of glial progenitor cells in a
novel embryonic chick brain injury model. A unilateral stab
wound injury was made in embryonic day 11 or 15 optic
tecta and the response was followed by analyzing the mRNA
expression of several specific markers. Two days after injury
histological defects such as lateral ventricular dilatation,
necrotic foci, periventricular cyst and intraventricular hem-
orrhage were observed at distance from the stab wound but
associated with the injured tectum. Expression of neuronal
and oligodendrocyte precursors markers are down-regulated
in the injured tectum, even far removed from the stab wound
site. In contrast, up-regulation of the mature astrocyte
marker, glial fibrillary acidic protein (GFAP), was observed
at the wound site, around necrotic areas and cysts, as well as
in normal embryonic expression areas for this marker at this
stage. The expression and distribution of GFAP in the
uninjured site maintained the normal pattern. Also, distribu-
tion and levels of radial glial markers such as BLBP and
GLAST were increased at the wound site and in the
ventricular zone of the injured tectum. By Northern blot,
up-regulation of cyclooxygenase-2 mRNA in the injured
tectum was also observed. In sum, these results indicate
unilateral up-regulation of ventricular zone precursors and an
inflammatory response occurs soon after injury in this
model.
doi:10.1016/j.ydbio.2006.04.099
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The zebrafish eye contains stem cells at the retinal margin
that allow continual growth of the retina throughout the life of
the fish. The mechanism by which stem cells are reserved in
this niche during development and how proliferation and
differentiation are controlled is unknown. In other epithelial
stem cell niches, such as intestine, Wnt signaling maintains
cells within the niche in a proliferative state, and the absence of
Wnt signaling outside the niche permits differentiation. We test
the hypothesis that Wnt signaling promotes proliferation of
stem cells within the retina. Pharmacologic inhibition of
GSK3aˆ, mimicking activation of the Wnt cascade, when
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